The Cell to Cell Infection of Respiratory Syncytial Virus in HEp-2 Monolayer Cultures
In general, the properties of respiratory syncytial virus are similar to those of myxoviruses (Chanock, Roizman & Myers, 1957; Hamparian, Hilleman & Ketler, I963) . One of the interesting properties of respiratory syncytial virus infection in vitro is syncytium formation (Jordan, 1962; Kisch, Johnson & Chanock, I962) . It has also been reported that the development of syncytia is influenced by the composition of the medium, the type of host cells (Jordan, I962) and the incubation temperature (Suto et aL I965), but it is not inhibited by the presence of virus antibody in the medium (Taylor-Robinson & Doggett, 1963) . In the present studies, we report evidence of cell to cell infection with respiratory syncytial virus by successful transfer of virus antigen from infected cells to uninfected ceils in the presence of antiviral serum.
The LONG strain of respiratory syncytial virus supplied by Dr R. M. Chanock (National Institutes of Health, Bethesda, Md, U.S.A.) was used throughout. For virus infection, coverslip cultures of HEp-~ ceils were used after complete monolayers were formed. Cells were grown in Eagle's minimum essential medium supplemented with 15 ~o unheated bovine serum. Maintenance medium consisted of Eagle's medium with 3 ~o heated chicken serum. In the experiment to determine the effect of antibody on the spread of virus from cell to cell, a 7 ~o concentration of pooled human convalescent serum from patients with respiratory syncytial virus infection was added to the maintenance medium. One ml. of this antibody-containing medium was capable of neutralizing io 5'° TCD5o of respiratory syncyfial Virus. To observe the spread of respiratory syncytial virus antigens in monolayer cultures, the indirect immunofuorescent method was employed using a convalescent human serum and antihuman rabbit antibody globulin conjugated with fluorescein isothiocyanate. Procedures for immunofluorescent staining were those of Kisch et aL (1962) . Estimation of the number of infected cells was performed according to the principle of the cell infectious unit proposed by Wheelock & Tamm (1961) and applied to respiratory syncyfial virus by Schieble, Kase & Lennette (1967) .
At first, the effect of specific antiviral serum on syncytium formation and on the synthesis of viral antigen in HEp-2 cells was studied. It was expected that if syncytium formation occurred in the presence of antiserum, the spread of viral antigens from cell to cell would have occurred. Coverslip cell cultures (1"5 x io 5 cells) were infected at an input multiplicity of o-I. After adsorption at 37 ° for 9 ° min. the cultures were washed thrice with Hanks's balanced salt solution, divided into two groups and incubated at 33 ° . The first group, which served as the control, was treated with antibody-containing maintenance medium for 6o min. and then replaced with antibodyfree maintenance medium. The test group was incubated with antibody containing medium throughout the experiment. At various time intervals three cultures in each group were harvested, titrated and examined for fluorescent foci and syncytia using immunofluorescent staining.
Short communications
The test group, incubated continuously with antibody, contained no infectious virus in the culture fluid. However, as shown in Fig. I , antigen-containing fluorescent mononuclear cells appeared 13 hr after inoculation and fluorescent syncytia at 17 hr in both the test and control groups. Thereafter the number of fluorescent foci and syncytia in the cultures containing antibody increased in a manner comparable to that in antibody-free medium until 36 hr.The marked increase in the number of fluorescent foci and syncytia in the antibody-free medium at 48 hr is attributed to the second infectious cycle. Enlargement of syncytia was markedly restricted by viral antibody. For instance, at 26 hr after inoculation the average number of nuclei in the syncytium in the antibody-free medium was 23, whereas in the presence of antibody it was 6. On the basis of these results it is reasonable to assume that addition of antiviral serum to the medium after virus adsorption does not inhibit infectious centre formation and syncytium formation for at least 36 hr This indicates that virus spread probably occurs from cell to cell. Extracellular spread occurs in the absence of antibody but not in its presence.
In order to obtain direct evidence of cell to cell transmission of virus, virus-infected cells, infected at a multiplicity oft'3 for 3 hr, were dispersed with o-I % trypsin and inoculated on to cell monolayers in the presence of antiviral serum. No infectious virus was detected in the medium at that time. These cultures were incubated at 33 ° for 64 hr. The coverslips were harvested, fixed and stained by immunofluorescence. The number of immunofluorescent foci including syncytia was counted and the mean number per coverslip was calculated (Table I) . Of an average of 42,5oo cells overlaid on HEp-2 monolayers, 133o or roughly 3 7O were actually infected as determined by immunofluorescence. Approximately one-third that number (420) of fluorescent foci developed in the presence of viral antibody after 64 hr incubation. This represents an infectious assay efficiency of approximately 3o 7o. Among 42o fluorescent loci 244 syncytia developed. These results revealed that cell associated virus was transferred to other cells in the presence of antiviral serum, thus confirming cell to cell transmission of infectious virus. Table I 
